S1. Two-dimensional distributions of solid-rock and porewater δ 18 O with different spreading rates and ocean depths Figs. S1 and S2 provide 2D distributions of solid-rock and porewater δ 18 O with different spreading rates (1 × 10 −2 , 9 × 10 −2 and 30 × 10 −2 m yr −1 ) and ocean depths (1 and 5 km) considered for the Precambrian in Section 3.3.
S5). In any of the three cases, oceanic rocks are relatively insensitive to seawater δ 18 O (Fig. S5) . Correspondingly, seawater-δ 18 O buffering is relatively weak (Fig. S6 ): −0.4 × 10 9 , −0.7 × 10 9 and −0.7 × 10 9 mol yr −1 ‰ −1 in cases 1-3, respectively (cf. Fig. 6 ).
S3. Sensitivity to oxygen isotope exchange kinetics 25
Water-rock interactions in the field can be slower than those in the laboratory by a factor of up to 10 3 (White and Brantley, 2003; Wallmann et al., 2008) . Accordingly, while the rate constant at reference temperature (5°C) for oxygen isotope exchange (denoted 1 as k ref ex here) adopted for the present study (k ref ex = 10 −8.5 mol −1 kg yr −1 ; Eq. (7) in Section 2.2) is comparable to the range (10 −6.6 -10 −7.2 mol −1 kg yr −1 ) extrapolated 30 from laboratory results (Cole et al., 1987) with the specific surface area of marine basalt (Nielsen and Fisk, 2010) , the k ref ex value plausible in the field can differ from the standard value (i.e., 10 −8.5 ) by a factor of 10. Additional numerical experiments with k ref ex varied in the range of 10 −7.5 -10 −9.5 mol −1 kg yr −1 (Figs. S7 and S8) with otherwise the standard modern configuration, however, suggest that general results and 35 conclusions are not affected by this uncertainty; the buffering intensity (i.e., slope in Fig. S8 ) is −0.4×10 9 mol yr −1 ‰ −1 , not significantly different from that in the standard simulation. Results for solid rock δ 18 O are also comparable to Oman ophiolite data although with the standard k ref ex value, observed data points are better reproduced ( Fig.  S7 ).
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S4. Effects of off-axis hydrothermal fluid circulation
The numerical model presented in the main text is designed to simulate hydrothermal fluid circulation and oxygen isotopes relatively close to midocean ridges, not for offaxis simulations (Stein et al., 1995) . This is reasonable given that oxygen isotopic composition of oceanic rocks is determined within less than 10 million years from the ridge 45 axis (Muehlenbachs, 1979) . Nonetheless, to evaluate the effects of off-axis hydrothermal fluid circulation on the oxygen-isotope buffering across a wider oceanic crust, an additional experiment (referred to as "off-axis experiment 1") was conducted with a wider calculation domain, 300 km (cf. 30 km in the standard simulation), and imposing artificial pressures from overlying sediments to cause off-axis water flows (Fisher 50 and Becker, 2000). Additional pressures of 10 MPa are imposed upon 25 MPa of default hydrostatic pressure (with the crust/ocean interface at 2.5 km depth) in regions of 30-50, 70-100, 125-150, 175-200, 225-250 and 275-300 km from the ridge axis. The larger pressures imposed upon wider distance-intervals than inferred by Fisher and Becker (2000) were necessary for the numerical stability in the wider calculation do-55 main with limited resolution. Resulting total water exchange is 5.3 × 10 15 kg yr −1 , which agrees with the estimated range (4 × 10 14 -8 × 10 15 kg yr −1 ) for low temperature hydrothermal fluid flux (Elderfield and Schultz, 1996; Coogan and Gillis, 2013) . However, cumulative heat flux in off-axis experiment 1 is 0.75 × 10 12 W, smaller than the observation within 9 Ma (corresponding to 270 km with 3×10 −2 m yr −1 spreading rate) 60 from the ridge axis, 3.8(±2.1) × 10 12 W (Stein and Stein, 1994) ( Fig. S9 ). To consider a system with a more heat flux closer to the observation average, another experiment (referred to as "off-axis experiment 2") was performed assuming 400°C at the bottom of the wider calculation domain (cf. Iyer et al., 2010) with the same pressures from overlying sediments as those in off-axis experiment 1. Off-axis experiment 2 yields 3.5 × 10 12 W of cumulative heat flux and 5.6 × 10 14 kg yr −1 of total water exchange, both of which are consistent with the observations (Stein and Stein, 1994; Elderfield and Schultz, 1996; Coogan and Gillis, 2013) (Fig. S9 ).
Oxygen isotope behaviors in the off-axis experiments are similar to those described in the main text (Figs. S10-S13). The buffering intensity (i.e., slope in Fig. S13 ) is 70 −0.5 × 10 9 and −0.4 × 10 9 mol yr −1 ‰ −1 in off-axis experiments 1 and 2, respectively, not so different from the standard simulation without off-axis water flows ( Fig. S13 ).
Solid rock δ 18 O profiles at 300 km (or 10 Ma) show relative insensitivity to seawater δ 18 O, as observed in the standard case. The only notable difference from the standard case is that low-temperature isotope exchange reactions are enhanced relative to high-75 temperature reactions in the two off-axis experiments (Figs. S10-S13). It is clear from the two experiments that the results and conclusions given in the main text are valid whether or not off-axis water flows are included. systems. II. oxygen and hydrogen isotopic investigation of the experimental basaltseawater system. Geochimica et Cosmochimica Acta, 51 (6) Figure S1 : Two-dimensional distributions of porewater δ 18 O at 0, −6 and −12 ‰ of seawater δ 18 O with different spreading rates and ocean depths. The panels in the first, second and third columns assume 0, −6 and −12 ‰ of seawater δ 18 O, respectively, while those in the first, second, third, fourth and fifth rows adopt 1 × 10 −2 m yr −1 of spreading rate, 9 × 10 −2 m yr −1 of spreading rate, 30 × 10 −2 m yr −1 of spreading rate, 1 km of ocean depth and 5 km of ocean depth, respectively, with other parameter values remaining the same as in the standard simulation (Sections 3.1 and 3.2). Figure S2 : Two-dimensional distributions of solid rock δ 18 O at 0, −6 and −12 ‰ of seawater δ 18 O with different spreading rates and ocean depths. The panels in the first, second and third columns assume 0, −6 and −12 ‰ of seawater δ 18 O, respectively, while those in the first, second, third, fourth and fifth rows adopt 1 × 10 −2 m yr −1 of spreading rate, 9 × 10 −2 m yr −1 of spreading rate, 30 × 10 −2 m yr −1 of spreading rate, 1 km of ocean depth and 5 km of ocean depth, respectively, with other parameter values remaining the same as in the standard simulation (Sections 3.1 and 3.2).
Log k (m 2 ) Depth (km) Figure S3 : Permeability distributions assumed. See Section S2 for the details on cases 1-3. Gray regions show observed ranges (Fisher, 1998) . Fig. S3 ; first, second and third rows, respectively). In left panels, logarithms of fluid velocity and mass-based stream lines are depicted and gray zones represent where rocks are impermeable below 6 km depth and/or with temperatures above the rock-cracking threshold (600°C). See Section S2 for the details on cases 1-3. 
